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 Sequential Birch reduction-allylation and Cope rearrangement 
of o-anisic acid derivatives 
William P. Malachowski* and Marisha Banerji 
Department of Chemistry, Bryn Mawr College, Bryn Mawr, PA 19010-2899 
 
Abstract— A new method for the construction of quaternary centers on cycloalkane rings is reported. The Cope rearrangement of 4-
methyl-2-allyl-2-(N-pyrrolidinyl)-carboxamide-3-cyclohexenone yields 4-methyl-4allyl-2-(N-pyrrolidinyl)-carboxamide-2-cyclohexenone 
in high yield.  The rearrangement substrates are easily generated from Birch reduction-allylation of o-anisic acid derivatives.  © 2012 
Elsevier Science. All rights reserved 
Keywords: Cope rearrangement; [3,3]-sigmatropic 
rearrangement; Birch reduction-allylation; quaternary 
carbon synthesis. 
The synthesis of carbocyclic quaternary centers remains the 
focus of considerable effort in the synthetic chemistry 
community due to the considerable challenge presented by 
their construction.1  We were intrigued by the possibility 
that a quaternary center could be formed via the Cope 
rearrangement2 of a cycloalkenone such as compound 1 
(Scheme 1).  We anticipated that the thermal equilibration 
of the rearrangement reaction would favor the conjugated 
dicarbonyl system.  Surprisingly, there are no reports of 
Cope rearrangement in simple cyclohexenone systems and 
there are only two previous examples3 of quaternary carbon 
construction on a monocycloalkane. 
The requisite 2-acyl-3-cyclohexenone derivatives are easily 
synthesized via Birch reduction-allylation of o-anisic acid 
derivatives.4  Therefore, the first test of the proposition was 
undertaken with the o-anisic acid derivative, N-pyrrolidinyl 
2-methoxybenzamide5 (3, Scheme 2).  Birch reduction of 3 
with potassium in the presence of tert-butanol, followed by 
the addition of allyl bromide afforded 4. The enol ether was 
hydrolyzed to generate the 3-cyclohexenone 5,6,7 which has 
one 1,5-diene system.   After exploring a variety of thermal 
conditions,  we found that heating at reflux in 1,2-
dichlorobenzene lead to good yields of 2-cyclohexenone 
product 6.8 
To test the potential of the current methodology to generate 
a quaternary center on a cyclohexenone skeleton, N-
pyrrolidinyl 2-methoxy-5-methylbenzamide 79 was 
similarly subjected to Birch reduction-allylation (Scheme 
3).   Reduction with potassium in the presence of tert-
butanol, followed by reaction with allyl bromide provided 
8.  Hydrolysis afforded the β-ketoamide 9,10 which was 
subjected to the identical thermal conditions as used for 3 
to afford an excellent yield of the rearranged product 10.11  
It is apparent that Birch reduction-allylation can be 
combined with Cope rearrangement to create a powerful 
tool for the construction of substituted 2-cyclohexenones, a 
potentially versatile synthetic intermediate.12 Most notably, 
the Cope rearrangement of 9 afforded a new quaternary 
center in 10 in excellent yield.  This represents the first 
example of quaternary carbon synthesis on a cycloalkenone 
ring by a Cope rearrangement process.  When combined 
with the reported stereocontrol of the Birch reduction-
alkylation reaction of o-anisic acid derivatives,13 the Cope 
rearrangement will also result in 1,3-chirality transfer and 
access to enantiomerically pure products.  
 
Representative experimental procedure for the thermal 
Cope rearrangement: Diene 9 (105 mg) was dissolved in 
1,2 dichlorobenzene (3 ml) and heated to reflux temp. 
overnight.  Upon cooling, the solvent was removed in 
vacuo and the residue purified by silica gel column 
chromatography (eluted with 1:1 hexanes/EtOAc) to 
provide the white crystalline product, 1011 (92 mg, 88%). 
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Scheme 1. Quaternary center synthesis on a cycloalkenone 
via Cope rearrangement. 
Scheme 2. Birch reduction-allylation and Cope 
rearrangement of N-pyrrolidinyl 2-methoxybenzamide. 
Scheme 3. Birch reduction-allylation and Cope rearrange-
ment of N-pyrrolidinyl 2-methoxy-5-methylbenzamide. 
 
 
 
 
 
 
 
 
 
 
 
O
O
N
O
O
N
1 2
R RCope
rearrangement
O
N
OMe
Br
∆
O
O
N
HCl
MeOH
O
O
N
OMe
O
N
1) K,  t-BuOH
     NH3/THF
2)
(71%)
1,2-dichloro-
  benzene
(80%)
(62%)
3 4
56
OMe
O
N
Me
Br
∆
O
O
NMe
MeOH
HCl
O
O
NMe
OMe
O
NMe
1) K,  t-BuOH
     NH3/THF
2)
(61%)
(52%)
(88%)
1,2-dichloro-
  benzene
7 8
910
